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Abstract
Using summariesnf dataabstractedfrom other studies,

equationsfor predictingthedry weightof woodandbarkin the
main stem anti crown were developedfor red oak, yelloW-
poplar, and the four major specie8of southernpine. The
~quations areusi-d to show,for variousmethodsof harvesting,
ivhat proportion of wood and hark is removed and what
roportion is left aslogging residue.In sawtimberpinesand

~xcurrenthardwoodssuchasyellow-poplar.85 to 90percentof
ill above-stumpwood isharvestedif the mainstemis loggedto
i 4-inch (10-cm) top; however, in sawtimberdeliquescent
Tiardwoodssuchasoak, loggingtoa4-inchtopremovesonly 74
~o80 percentofabove-stumpwood.Whenharvestingpulpwood
;rees and sawtimherdeliquescenthardwoods,chipping the
otal tree above the stump cansignificantly increasewood
iields, comparedto loggingto a4-inchtop.In plantationpine,
ogging the stump and taproot as well as the main stem
acreaseswood yielde by 20 to 25 percent.

siderationin the 1950s. In 1957, Sproull,Parker,and
Belvin (16) examinedthe generaleconomicsof whol
tree harvestingof southernpines and e8timatedthat
this practicecould increasepulp yields by 30 to 40
percent.In 1964,Young. (22) introduced the complete-
tree ~oncept,wh’ch he definedas the biologLal and
technologicalinvestigationandutilization of theentire
treefromroottips toleafhairs.During thelate1960sand
1 970stheutilization of thewholetreewaspromotedby
severalinvestigators(9, 10, 14,20,21),andacomprehen-
sivereviewof theliteraturewasconductedbyKeays(11)
in 1971. The whole-freeharvestingconceptwasfirst
applied on a large scale using mobile whole-tree
cl~ippers,feller bunchers,andgrappleskiddersin 1971
(20). Sincethen,thenumberof mobiletree chipperssold
to wood-u ing industrieshasincreasedto over480 with
most of the chipp r u.- d i whole-treeharvesting
o rations(15).

The literature indicates that there is significant
variation in the amountof additional fiber recovered
whentreesareharvestedunder the whole-tree concept
(2, 8,13,14).Keays (7) r ports that full-forest harvesting
can increasebiomassyields by 30 to 300 percent over

INCREAS NG DEMA~ ‘D~ for woc , escalatingco.ts,
md the energyshortagehaveforcedthewoodindustry
nthesouthernUnited State.to considerthetotal treeas
potentialsourceof woodandwoodfiber.Theconceptof

itilizing the totaltreewasan isolatedidea40year9ago
6) but startedto receive interest and economic con-
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TABLE 1.— Meansandrangesof treemeasurements,by speciesandlocation.

Species Location

Trees
sampled DBH (in.)

(No) Avg. Range
Total height (ft.) Age(yr.)

Avg. - Range Avg. Range

NAT TRAL PIN’
Loblolly TalladegaNF, Ala,
Loblolly Francis-Marion NF, S.C.
Lobiolly Sumter NF, NC.
Shortleaf Holly Springs NE Miss.
Slash Cunecuh NI’, Al’ .
Longleuf Conecub. NF, Ala.

ALL NATURAL PINE

41 13.9 5.6-20.4
25 15.4 5.6-24.0
30 11.0 5.6-16.4
34 12.3 6.t-19.7
43 12.9 6,0-21(1
47 13.2 3.9-18.9

220 13.1 3.6-24.1)

83 48-107
87 57-102
66 50- 90
72 48- 87
73 47- 99
80 36- 97
77 47-107

42 37- 47
58 30- 95
28 22- 36
70 28-110
31 28- 68
33 32- 69
32 22-itO

PLANTATION PINE
Loblolly Polk Cu., Ga.
LnbIolly Polk Co., Ga.
Slash Calhoun Co., Fin.

ALL PLANTATION PINE

20 7.1 3.8-10.1)
21) 9.1 3.9-12.3
22 9.0 3.7-12.3
02 8.4 38 12.3

43 32- 33
36 46- 63
64 44- 7.1
33 12 74

18
1.8
17
18

Yellow-poplar Pisgnh,NF., NC.
Yellow-poplar OconceNE., Ga.
Sweetgam OconeeNF., Ga.
N. r d oak Pisgah,NE., NC.
N. red oak Pisgab.NF., NC.
Whi oak Oconee,NE., Ga.

NATURAL IIARDWOOI)S
-m39 13.9 ‘~28.4

26 13.3 )0.3
24 13.1 7 2~.7
36 8.6 ~911.3
35 17.6 4 )).7
23 12.8 1 6 20.9

99 B .47
84 B 1()
82 4t1 ~01
71 ~ 80
97 n7 118
71 17 9”

36 21- 81
60 37- 96
51 32- 79
49 33- 33
76 33-114
36 37- 80

conventionalmerchantablebole harvestingdepending
on the species,standdensity, andsiteharvested.The
purpose of this paperis to discusstheincreasein wood
and bark utilization that is schieved by whole-tree
hipping southernpines and hardwood , ompa ed to

harvestingstemsto a4-inch(1(1cm)’ top.Tb - p’ p ralso
showswhat proportionof wood andbark in the treeis
harvcstedandwhatproportion isleft asloggingresidue
whensouthernspecies relogg to othermerchantable
limits.

Procedure
To evaluatethe timber resourcein the southern

Unit ~dStates,forestershaveconductedstudiesof the
four major speciesof southern pine—loblolly (Pinu.s

ta dii L.), s ash (P. elI otti Engelm.), shortleaf (P.
c ‘h nata Mill,), and longl f (P. palustris Mill,) — as
well as northernredoak (Quer usrubna L.), white oak
(Q. iii rn L.), yellow-popllr (L riodendron tulip fenaU),
andsweelgum(Liquidambarsytraci/InaL.)2 (3,5,17,18,
19) (Table 1). The objective of thesestudieswas to
developequationsfor estimatingt - ‘greenvolumeof th’
total tree andtree componentsandthe greenanddry
weight.This papersummari- ~sthedatain the.epaper~
to show what proportion of the tree is harvestedby
various h~ rye ‘ting methods. During the collection of
thesedata, the entire above-stumpportion of the tree
including stem, branches,and foliage (and in some

the stump nd taproot) was measured and
weighed. The saw log and pulpwood portions of th’
stem, roots, and crown were subsampledto det rmine
the amount of wood, bark, water, and foliagepresent in
each component.

2.54 cm tin, and 0.305 m 1 ft.
2Articles on predicting total-treebiomassof plantation-grown
southern pine, red oak, white oak, and sweetgum arc in
preparation by Clark and coauthors.

Simple linear regressionequations,usingdiameter
orcastheight (DI3H) and total height as independent
variables,weredevelopedfrom the datato predictdry
weight of the total treeandtreecomponentsfor each
~ Theform of the equationswas:

y + b
1(D

2Tb)

x : Y ov ‘ndry (OD) weight (lb.)
D = diameterbreastheight (ir.]

Tb = tot I treeheight (ft.).
The equationsaccountedfor 70 to 99 percentof the

variation in dry weight of the total ft ~e and tree
components.Using theseequations,this papershows
whatproportionof the woodin atreecanbeharvested
and what proportion would be left as logging residue
whenthe species-sampletiare logged to the merchant-
ablelimits generallyusedby the wood industry in the
:outh tin Unit ~dStates.The merchantablelimits used
in this paperarenotalwaysmeton all timbersales,but
thedatashowwhatproportionof thetotaltreeisutilized
whentreesare loggedto theselimits.

The data on the thur speciesof southernpine
growingin naturalstandsindicatethat,althoughthese
speciesdiffer significantly in weight per cubic foot,
similar-sizetreesgrowingin closedstandshavebasical-
ly the sameproportion of wood, hark. and needles,
regardlessof species(4). Therefore,in this paper,the
dat-a on the four speciesof pine sampledin natural
standshavebeencombined;the dataon plantation-
grown loblolly andslashpinehavealsobeencombined.
In this papertheterms total treeor wholetreereferto all
portions of the tree abovethe stump3,and therefore
excluderoots andstump.

3Stumpheightis(lB foot for pulpwood-sizerees,and1.0foot for
sawlomber-sizetrees.
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Figure 1. — ProportIon 01 total-tree wood (above stump) harveated when
saw logs of natural southern pine are logged to a 6-ir~ch or merchantable
top, compared to logging eaw logs and pulpwood to a 4-inch top.
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FIgure 2.— Percent incres e in natu at southern pine wood and bark
harvested when whole-i ee chipping is ompared to logging the stem to 5

4-inch lop.

ResultsandDiscussions
Natural standsof southern pine are currently

loggd ither by removing only s w log, to a 6inch
diameterinsidebark (DIB) or merchantabletop, or by
tree-length logging the entire stem saw logs, and
pulpwood to a 4-inch DIB top. Figure 1 shows the
proportion of above-stumpwood harvestedwhen log-
ging sawlogs andpulpwood.Whenonly sawlogs are
harvested,the averageproportion of total-treewo3d
(abovethe stump) that can be utilized rangesfrom 80
percent (for 10-in, trees) to 84 percent(for 12-in, trees),
andthendecreasesastreesizeincreases.Thisdecrease
occursbecausea largerproportionof the largertree’
in crown material, and large knots and branches
preventtheupperstemfrom beingmerchantable.When
bothsawlogsandpulpwoodaretree-lengthloggedtoa4-
inch top, 67to 86percentof all theabove-stulupwoodin
pulpwood-sizetrees(trees5.0 - 8.9 in. DBH) is utilized,
and85 to 90 percent of all wood in sawtimber-sizetrees
(trees~a9.0in. DBH) is utilized.

When naturalpine stemsareloggedto a 4-inch DIB
top,89percentof the materialharvestediswood,and11
percent is bark. The branches and topwoodleft in the
woodsas logging residue will contain, on the average,
only 59 percent of their weight in wood, 19 percentin
bark,and 22 percentin needles.

Currently somepulp companiesareeither chipping
theentiretree abovethe stumpor removing saw logand
veneer material at the landing and chipping the upper
stem and crown with whole-tree chippers. Figure 2
showsthe percent increasein woodand bark harvested
when the total tree above the stump is chipped,
comparedto tree-length loggingthe stemto a 4-inchtop.

Inn atural pine, whole-tree chipping significantly
increasestheamountof barkharvested,comparedto the
increase in amount of wood harvested.Comparedto
logging trees to a 4-inch top, whole-tree chipping
producesan18 to50percentincreaseinwoodutilization
for treesof pulpwoodsize, and an increaseof 10 to 15
percentfor treesof sawtimbersize. Chipping the total
tree above the stump increasesthe amount of bark
harvestedby 40 to 60 percentin treesof pulpwoodsize
andby about40 percentin treesof sawtimbersize.

The percentincreasein bark harvestedis nearly
twice that of wo becausewood and bark are not
equally di - ribut among tin components(Table 2).
The stemof a pinetreecontains81 to 91 percentof the
above-stumpwood in atreebutonly 68 to 73 percentof
the above-stumpbark. In comparison,branchesof a

TABLE 2.— Distribution oftotal-treewoodandbarkin stem’andcrown
ofsouthernpsnes.

Proportion Proporhon
DBH’
class

of wood of bark
Stem Crown S m Cr1 wo

(in.) 1%) (%) Cd

6 81 19 68 32
8 84 16 72 28

10 86 14 72 28
12 88 12 73 27
14 89 1) 73 27
16 90 10 73 27
18 90 10 73 27
20 91 9 73 27

All classes 87 13 72 28

Stampto 4-inch insidebark diameter.
‘DBHtoiameter at breastheight.

100

80

60

0
w
I-
Id)
w

I

z
0
I-

0
a-
0

a-

40’

20

C BARK

CC CC

WOOD

FOREST PRODUCTS JO LAb Vol 25,No 10 49







TABLE 3.—Proportion of total treewood andbark in crown material of
red oak andyellow-poplar.

Proportion of tree Proportion of tree
wood in crown bark in crown

DBH Yellow- Red Yellow- Red
class poplar oak poplar oak
(in.) (%~ (%) (%) (%)

6 35 30 39 38
8 23 23 . 27 35

10 16 21 20 31
12 11 20 16 32
14 5 23 13 35
16 8 24 13 37
18 8 25 13 38
20 g 25 14 39
22 10 26 14 40
24 11 26 15 40

All classes 14 24 1 33

DBH-4iameter at breastheight.

significantdifferenceis thatyellow-poplarscontain,on
the average,only 14percentoftheir woodand18percent
of their bark in the crown comparedto red oaks,which
contain 24 percent of their woodand33 percentof their
bark in crown material (Table3). If yellow-poplar oinred
oak are whole-treechippedwhenfoliage sab -ent, about
84percentofthematerial chippedis woodand 16percent
is bark.

When treesare loggedto topdiameterslarger than4
inches,whole-treechipping can increasewood yields
evenmore than indicated. For example, if treesar
logged only to a saw log top, whole-treechipping can
increase wood yields up to 45 percent for excurrent
speciesand up to 65 percentfor deliquescentspecies.

Summary
Basedon a reviewandanalysisof severalstudies,it

appearsas thoughthe wood industryin the southern
United Statescan efficiently harvest a significant
majority of the treeby logging to a 4-inch DIB top.
Eighty-fiveto ninetypercentof all above-stumpwoodin
sawtimber-size pine and yellow-poplar and about 84
percentof all woodin plantation pine isharvestedif the
main stemisloggedto a 4-inch top; however,this same
method removes only 74 to 80 percent of the wood in
sawtimber-sizedeliquescenttrees suchasred oak. For
plantation southern pines, logging the stump and
taproot in addition to the stem(to a 4-in, top) increases
wood yieldsby 20 to 25 percent.

Whole-treechipping increaseswood yields most
significantly when harvesting pulpwood-sizetrees and
sawtimher-sizedeliquescenthardwoods.Whenwhole-
treechipping is comparedto logging thestemto asaw
logtop,whole-treechippingcanincreasewoodyieldsup
to 45 percentfor excuinrentspeciesandup to 65 percent
for deliquescentspecies.
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